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Introduction
Bloodstream infection (BSI) is a frequent complication in patients with cancer and results in important levels of morbidity and mortality [1] . Changes in the epidemiology of BSI have recently been documented in patients with cancer, showing a swift towards Gram-negative organisms as the leading cause of BSI in some institutions [2] [3] [4] . Also, infections due to MDR bacteria is an emerging problem in immunosuppressed patients with cancer, who are at higher for severe sepsis and poor outcomes than their immunocompromised peers [4] [5] [6] .
Patients with cancer and chemotherapy-induced neutropenia, gastrointestinal mucositis, and medical devices in situ are at increased risk of BSI [7] . In this setting, BSI may be caused by multiple organisms in which the clinical presentation, microbiology and outcomes can vary from those caused by only one pathogen. The existing literature regarding such polymicrobial BSI (PBSI) is very limited, and mainly comprises old retrospective studies in the general population [8] [9] [10] [11] [12] . Few reports have specifically focused on patients with cancer [13] [14] [15] . Moreover, the lack of consistent PBSI definitions and the heterogeneity of populations in the previous studies makes it very difficult to understand the true relevance of PBSI [14] .
In the recent years, changes in the general management of patients with cancer have occurred, including the introduction of newer types of myeloablative chemotherapies, transplants, and immunosuppressive agents, and changes in antibacterial and antifungal prophylaxis. These innovations may have influenced the frequency and characteristics of PBSI in patients with cancer.
The aim of this study was to explore the current incidence, clinical features, risk factors, aetiology, antimicrobial resistance and outcomes of PBSI in patients with cancer during the present era of widespread antimicrobial resistance.
Materials and methods

Setting, patients and study design
We conducted a prospective observational study at a 200-bed university referral centre for adults with cancer in Barcelona, Spain. We analysed all consecutive episodes of PBSI occurring in patients with cancer, including haematopoietic stem cell transplant recipients, from January 2006 to December 2015. Information on baseline characteristics, clinical features, aetiology, empirical antibiotic therapy and outcome were prospectively collected in a database, as part of the standard infectious disease management at our hospital. We also compared the characteristics of patients who died with those who survived to determine the factors influencing mortality. The study was approved by The Clinical Research Ethics Committee and Institutional Review Board of Hospital Universitari de Bellvitge.
Definitions
PBSI was defined as present if two or more organisms were isolated from blood culture specimens collected from a patient during a period of <72h [13] . Chronic advanced cancer was considered in patients with confirmed metastatic disease (stage IV) and some stage III tumours (lung, pancreas, gastric, oesophagus, and urothelium) that were not suitable for treatment or were in progressive outbreak during treatment. Breast and prostate cancer with bone metastasis, colorectal cancer with resectable hepatic and lung metastasis, and metastatic germinal tumours were excluded.
BSI was considered nosocomial-acquired, healthcare-related or community-acquired, as previously described [16] . Neutropenia was defined as an absolute neutrophil count <500/mm 3 
.
Corticosteroid therapy was recorded if a patient was receiving corticosteroids at the time of BSI or at any point in the previous month. Shock was defined as a systolic blood pressure <90 mmHg that was unresponsive to fluid treatment or that required vasoactive drug therapy. Neutropenic enterocolitis was defined as the presence of fever, abdominal pain, and diarrhoea with imaging (ultrasonography, CT scanning) confirming the diagnosis [17] . The BSI was considered endogenous if no other sources were identified in neutropenic patient.
Initial empirical antibiotic therapy was considered inadequate if the treatment regimen did not include at least one antibiotic active in vitro against the infecting microorganism. Gramnegative bacilli were considered multidrug-resistant (MDR) if any of the following were present: a) extended-spectrum β-lactamase (ESBL)-producing Enterobacteriaceae; b) AmpCcephalosporinase hyper-producing Enterobacteriaceae; c) carbapenem-resistant Enterobacteriaceae; d) microorganisms with intrinsic resistance mechanisms, such as Stenotrophomonas maltophilia; and e) MDR strains, including Pseudomonas aeruginosa and Acinetobacter baumannii [18] .
The early case-fatality rate was defined as death within 7 days of the onset of BSI. The overall case-fatality rate was defined as death from any cause within the first 30 days of onset of BSI.
Microbiologic studies
Two sets of two 8-10 mL blood samples (BactecPlus Aerobic and Anaerobic, BD) were taken 30 min apart from all patients who presented with fever !38˚C or when BSI was suspected based on clinical signs or symptoms. Blood samples were processed in a BACTEC 9240 (from the year 2006 to May 2010) or a BACTEC-FX (since May 2010) apparatus (BD Microbiology Systems) with an incubation period of 5 days. Positive blood samples were sub-cultured onto chocolate agar.
Identification and antibiotic susceptibility testing of Gram-negative bacilli, Enterococcus spp. and Staphylococcus aureus was performed using commercially available panels (MicroScan Beckman-Coulter). Identification of other Streptococcus spp. was performed by standard biochemical testing and antibiotic susceptibility with commercially available panels (Sensititre, TREK Diagnostic System). Anaerobe identification was performed by standard biochemical testing and antibiotic susceptibility by the E-test method (BioMérieux). In addition, identification has been performed by matrix-assisted laser desorption/ionisation(MALDI-TOF; Biotyper; Bruker Daltonics) since November 2012.The recommendations and criteria of the Clinical and Laboratory Standards Institute (CLSI) were used to define the susceptibility or resistance to antimicrobial agents [19] 
Statistical analysis
Continuous variables were compared using the Mann-Whitney U test and the Student ttest, as appropriate. Qualitative variables were compared using the chi-square test. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated, and a p-value of <0.05 was considered statistically significant. Multivariate conditional logistic-regression analysis of factors potentially associated with mortality was done that included all statistically significant variables in the univariate analysis, together with sex, age, and all clinically important variables, regardless of whether they were statistically significant. Kaplan-Meier curves were drawn to show the rate of survival in the PBSI and MBSI groups. The analysis was performed by stepwise logistic regression in SPSS version 17.0 (SPSS Institute Inc., Chicago, IL, USA).
Results
Patient characteristics
Of the 1896 episodes of BSI, we identified 194 (10.2%) episodes of PBSI in 179 patients and 1702 (89.8%) episodes of MBSI in 1155 patients. The baseline characteristics and clinical manifestations of patients with PBSI and MBSI are summarised in Table 1 . Patients with PBSI were more likely to present with neutropenia and to have a biliary stenting in place. In addition, there was a trend towards the use of corticosteroids in this group of patients. The most frequent sources of BSI were endogenous (22.2%), catheter-related infection (19.8%) and urinary tract infection (10.6%). Cholangitis, neutropenic enterocolitis, abdominal infection and perirectal infection were more frequent in patients with PBSI, whereas urinary tract, respiratory tract and catheter infections were more common in patients with MBSI. Table 3 shows the aetiology of all episodes of BSI compared by groups. A total of 419 microorganisms were isolated in 194 episodes of PBSI. Among these, 27 episodes had 3 organisms and 2 episodes had 4 organisms. The most frequent combinations were Gram-positive plus Gramnegative organisms (36.1%) or Gram-negative plus Gram-negative organisms (30.4%).
Risk factors for PBSI
Aetiology and antimicrobial resistance
Overall, Gram-negative organisms were the leading cause of BSI in both the PBSI and MBSI groups, with Escherichia coli and Pseudomonas aeruginosa being the most frequent causative agents. Enterococcus spp. were the most frequent Gram-positive organisms isolated in the cases of PBSI, followed by viridans group streptococci. In patients with MBSI, coagulase-negative staphylococci (CNS) were the most common Gram-positive agents, followed by Enterococcus spp. and Staphylococcus aureus. Among the anaerobes, clostridial infections were more common in polymicrobial episodes, whereas Bacteroides spp. were more frequently found in MBSI. Overall, infection due to MDR organisms was observed in 13.6% of cases, and it was more frequently found in episodes of PBSI (20.6% vs 12.9%; p = 0.003).
Considering only the polymicrobial episodes, patients with solid tumours presented more frequently with infection due to ESBL-producing Enterobacteriaceae compared to patients with haematological malignancies (11.5% vs 1.7%; p = 0.008).
Antibiotic treatment and outcomes
Initial empirical antibiotic treatment and patients' outcomes are detailed in Table 4 . Patients with PBSI more frequently received carbapenems and a combination therapy for empirical antibiotic therapy than patients with MBSI. Among patients with PBSI, 54 were considered to have received inadequate initial empirical antibiotic therapy. Reasons for inappropriateness were as follows: 18 patients with E. faecium BSI received a β-lactam, 13 patients had MDR organisms, 10 patients did not receive any empirical treatment, 3 patients with fungal infection did not receive antifungals, and 3 patients with CNS infection were given cefepime and amikacin. The remaining 17 patients with PBSI received an antibiotic active against only one of the infective organisms. Patients with PBSI presented poorer outcomes with higher early and overall case-fatality rates than patients with MBSI. The Kaplan-Meier curves showing the rate of survival in the PBSI and MBSI groups are detailed in Fig 1. Among patients with PBSI, solid tumours were associated with a higher overall case-fatality rate than were haematological malignancies (39.7% vs 31%; p = 0.057), but there were no differences in early case-fatality rates (15.4% vs 14.8%; p = 0.909).
Risk factors for overall case-fatality rate
Risk factors for the overall case-fatality rate are detailed in Table 5 . After applying a logisticregression model, the only variables found to be independent risk factors for overall case-fatality were a high-risk MASCC (Multinational Association of Supportive Care in Cancer) index score (OR 0.28; 95% CI, 0.17-0.46), corticosteroid therapy (OR 1.72; 95% CI, 1.1-2.7), persistent bacteraemia (OR 3.4; 95% CI, 1.82-6.33) and septic shock (OR 2.65; 95% CI, 1.51-4.66). PBSI was not a risk factor for overall mortality.
Discussion
In this prospective study of a large cohort of patients with cancer, PBSI occurred in one out of ten patients. Multidrug resistance was frequent in those with PBSI, and outcomes were poorer, particularly in those with corticosteroid therapy, with a high-risk MASCC index score, and presenting with septic shock or persistent bacteraemia. The incidence of PBSI in the general population ranges from 6% to 14%; but it seems to increase in patients with cancer, reaching up to 32% in high-risk patients with leukaemia and in recipients of autologous haematopoietic stem cell transplants [8, 10-12, 20, 21] . Although our results seem to be in line with these studies, it is difficult to assess the real incidence of PBSI over time because of the heterogeneity of the population studied and the lack of consistent definitions used [14] . We found that PBSI was more frequent in patients with perirectal infections, neutropenic enterocolitis or cholangitis, especially if they had a biliary prosthesis. As we have previously described, cholangitis is a frequent cause of PBSI in patients with solid tumours, and obstruction of the prosthesis may play a role in the pathogenesis of infection [22] . The abdomen was the most frequent source of PBSI, presumably because the site of entry of the infection is often the site of the primary tumour, and because of the high incidence of gastrointestinal ulcerations in patients with leukaemia [9, 13, 23] .
As documented by other investigators, Gram-negative organisms were the most frequent causative agents in our study. Remarkably, enterococci were the most frequent Gram-positive pathogens in patients with PBSI. Compared to previous studies, in which streptococcal BSI was the predominant Gram-positive infection [13, 15] , our data show that enterococci may be taking over from other Gram-positives. An interesting finding that has not previously been documented was the incidence of multidrug resistance, which reached 20% in our study. The most frequent MDR organisms were ampicillin-resistant vancomycin-susceptible E. faecium, followed by ESBL-producing Enterobacteriaceae. Infections caused by ampicillin-resistant E. faecium are increasing in patients with cancer, but their impacton outcomes seem to be less relevant than infections due to vancomycin-resistant strains [24, 25] . Moreover, there is still controversy regarding the association between E. faecium infection and mortality [24, 26, 27] . Likewise, infections due to ESBL-Enterobacteriaceae are also increasing in patients with cancer [28] [29] [30] [31] [32] .
The emergence of multidrug resistance in patients with cancer is of special concern because inadequate initial empirical antibiotic therapy may negatively influence outcomes [30] [31] . In this regard, we found that inadequate initial empirical antibiotic therapy was not associated with higher case-fatality rates. Nevertheless, it should be noted that infections in patients receiving inadequate therapy were mainly caused by E. faecium and CNS, which are intrinsically resistant to the most frequently used empirical antibiotic therapy in our institution (cefepime plus amikacin). As previously stated, it seems that ampicillin-resistant vancomycinsusceptible E. faecium BSI may not be clearly associated with poor outcomes. Moreover, BSI due to CNS has previously been identified as a predictor of lower mortality in neutropenic patients with haematological malignancies, as mentioned in other studies [7, 33, 34] .
We found lower case-fatality rates compared with other studies of PBSI involving immunocompetent and immunosuppressed cancer patients [8, 10, 11, 13] . However, it should be noted that most of the existing studies were performed several decades ago, and that the management of patients with PBSI has improved over the intervening period. Nevertheless, we found that a high-risk MASCC index score, corticosteroid therapy, persistent bacteraemia and septic shock were associated with higher mortality. The MASCC score is frequently used as a predictor of complications in patients with febrile neutropenia, with lower scores indicating a higher risk of developing severe complications and death [35] . Likewise, septic shock at presentation and the persistence of bacteraemia are clinical features associated with severe sepsis and/or uncontrolled sepsis [33] . Corticosteroid therapy to mitigate symptomatology has previously been identified as a risk factor for mortality in our cohort, mainly in those with advanced underlying malignancy [6, 24] .This may be related to the fact that corticosteroids decrease the immune response and favour severe sepsis [36] .
This study has some limitations that should be acknowledged. First, this is a single-centre study in a particular geographical area, so caution should be exercised when extrapolating the data to other settings. Second, as with any observational study, there is a potential for residual confounding; however, the strengths of the current study include the prospective collection of data, the large number of bacteraemia episodes in patients with cancer and the use of a uniform and comprehensive protocol for data collection.
In conclusion, PBSI is especially frequent in patients with cancer who have cholangitis, biliary stenting, or neutropenic enterocolitis. Enterococcal BSI is gaining increasing epidemiological importance, as is the emergence of multidrug resistance. Physicians should be able to identify patients at risk of PBSI and provide an initial empirical antibiotic regimen that covers the most frequent pathogens involved in this serious infection.
